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(57) ABSTRACT

To provide a method for purifying R-1234yf, whereby it is
possible to efficiently remove even impurities such as
R-1243z7f, etc. which are difficult to separate by distillation
purification, from a mixture containing R-1234yf as the main
component and various impurities, such as a gas formed by
reacting R-1214ya with hydrogen. The method for purifying
R-1234yf comprises a step of bringing a mixture which con-
tains R-1234yf as the main component and also contains
hydrohaloalkene impurities other than R-1234yf and hydro-
haloalkane impurities, into contact with a solvent that has an
extraction/removal index (r), as represented by the formula
r=[4x(dD-17.2)*+(3P-8 3*+(d3H-2.6)?]""2, of at most 6.5,
s0 as to remove at least a part of the hydrohaloalkene impu-
rities and hydrohaloalkane impurities.

10 Claims, 1 Drawing Sheet
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1
METHOD FOR PURIFYING
2,3,3,3-TETRAFLUOROPROPENE

TECHNICAL FIELD

The present invention relates to a method for purifying
2,3,3 3-tetrafluoropropene.

BACKGROUND ART

2,3,3 3-tetrafluoropropene  (CF;CF—CH,, R-1234yf)
contains no chlorine and therefore is useful as a substitute
compound for flons such as chlrofluorocarbons to be used as
e.g. refrigerants.

A method for producing R-1234ytf may, for example, be a
method of reacting and reducing 1,1-dichloro-2,3,3,3-tet-
rafluoropropene (CF;CF—CCl,, R-1214ya) with hydrogen
to obtain R-1234yf (e.g. Patent Document 1).

However, a gas formed by reacting and reducing R-1214ya
with hydrogen, contains, in addition to R-1234yf, hydroha-
loalkene impurities such as 3,3,3-trifluoropropene
(CF,CH—CH,, R-1243zf) and hydrohaloalkane impurities
such as 1,1,1,2-tetrafluoropropane (CF;CHFCH,, R-254¢eb).
As a method for purifying R-1234yf from such a formed gas,
a method is widely used in which the formed gas is liquefied
and then subjected to distillation purification. However,
among the above-mentioned impurities, those resembling
R-1234yt in their structures have boiling points close to the
boiling point of R-1234yf, and thus it is difficult to separate
them by distillation purification. Especially, R-1243zf has a
boiling point of -22° C. which is very close to the boiling
point of —=29° C. of R-1234yf, and thus it is very difficult to
separate it by distillation purification.

PRIOR ART DOCUMENT
Patent Document
Patent Document 1: WO 2008/060614
DISCLOSURE OF INVENTION
Technical Problem

It is an object of the present invention to provide a method
for purifying R-1234yf, whereby it is possible to effectively
remove even impurities such as R-1243zf, etc. which are
difficult to separate by distillation purification, from a mix-
ture containing R-1234yf as the main component and various
impurities, such as a gas formed by reacting R-1214ya with
hydrogen.

Solution to Problem

The present invention has adopted the following construc-
tions to solve the above-mentioned problem.
[1] A method for purifying R-1234yf comprising a step of
bringing a mixture which contains 2,3,3,3-tetrafluoropropene
as the main component and also contains hydrohaloalkene
impurities other than 2,3,3,3-tetrafluoropropene and hydro-
haloalkane impurities, into contact with a solvent that has an
extraction/removal index (r), as represented by the following
formula (1), of atmost 6.5, so as to remove at least a part of the
hydrohaloalkene impurities and hydrohaloalkane impurities:

r=[4x(8D-17.2)>+(dP-8.3 2 +(dH-2.6)]2 1)
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2

wherein 3D, dP and O0H are, respectively, dispersion param-
eter, polar parameter and hydrogen bonding parameter in the
Hansen solubility parameters of the solvent, the unit of each
of which is (MPa)"".

[2] The method for purifying R-1234yf according to [1],
wherein the hydrohaloalkene impurities include a hydroha-
lopropene.

[3] The method for purifying R-1234yf according to [1] or
[2], wherein the hydrohaloalkane impurities include at least
one of a hydrohalopropane and a hydrohaloethane.

[4] The method for puritying R-1234yf according to any one
of [1] to [3], wherein at least a part of at least one member
selected from the group consisting of 3,3,3-trifluoropropene,
3,3-difluoropropene and 1,2,3,3,3-pentafluoropropene, as the
hydrohaloalkene impurities, is removed from the mixture.
[5] The method for puritying R-1234yf according to any one
of [1] to [3], wherein at least a part of 3,3,3-trifluoropropene,
as the hydrohaloalkene impurities, is removed from the mix-
ture.

[6] The method for puritying R-1234yf according to any one
of [1] to [5], wherein at least a part of at least one member
selected from the group consisting of 1,1,1,2-tetrafluoropro-
pane, 1,1,1-triifluoropropane and 1-chloro-1,2,2,2-tetrafluo-
roethane, as the hydrohaloalkane impurities, is removed from
the mixture.

[7] The method for puritying R-1234yf according to any one
of [1] to [6], wherein the mixture to be brought into contact
with the solvent, is gaseous.

Advantageous Effects of Invention

According to the method for purifying R-1234yf of the
present invention, it is possible to effectively remove even
impurities such as R-1243z7f, etc. which are difficult to sepa-
rate by distillation purification, from a mixture containing
R-1234yt as the main component and various impurities,
such as a gas formed by reacting R-1214ya with hydrogen.

BRIEF DESCRIPTION OF DRAWING

FIG. 1 is a graph showing a relation between the extraction/
removal index (r) of a solvent and the removal rate of
R-1243zf in Examples of the present invention and Compara-
tive Examples.

DESCRIPTION OF EMBODIMENTS

The method for purifying 2,3,3,3-tetrafluoropropene
(R-1234yf) of the present invention is a method comprising a
step of bringing a mixture which contains R-1234yf as the
main component and also contains hydrohaloalkene impuri-
ties other than R-1234yf (hereinafter referred to simply as
“hydrohaloalkene impurities”) and hydrohaloalkane impuri-
ties, into contact with a solvent (hereinafter referred to as
“solvent (A)”) that has an extraction/removal index (r) of at
most 6.5, as described hereinafter, so as to remove at least a
part of the hydrohaloalkene impurities and hydrohaloalkane
impurities. Hereinafter, the hydrohaloalkene impurities and
hydrohaloalkane impurities may, as they are put together, be
referred to simply as “impurities”.

In the method for purifying R-1234yf of the present inven-
tion, a solvent (A) is used which has an extraction/removal
index (r), as represented by the following formula (1), of at
most 6.5.

P=[4x(8D-17.2)>+(dP-8.3)*+(dH-2.6)*] 1)
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wherein 3D, 8P and O0H are, respectively, dispersion param-
eter, polar parameter and hydrogen bonding parameter in the
Hansen solubility parameters (hereinafter referred to as
“HSP”) of the solvent, the unit of each of which is (MPa)"">.

In the present invention, the method comprises a step of
bringing the mixture into contact with the solvent (A) show-
ing a specific solubility to impurities such as R-1243zf such
that the extraction/removal index (r) is at most 6.5, whereby
the impurities in the mixture are extracted, separated and
removed into the solvent (A). The above formula (1) is a
formula drawn based on the formula: (Ra)*=4x(3D,-0D, )*+
(8P,—8P, Y*+(8H,-8H,)* which is well known as a formula to
obtain the distance Ra between two points in three-dimen-
sional space of HSP.

HSP are ones having the solubility parameter introduced
by Hildebrand divided into three components of dispersion
parameter 3D, polar parameter 8P and hydrogen bonding
parameter OH and represented in three-dimensional space.
Dispersion parameter D represents the effects by dispersion
forces, polar parameter dP represents the effects by dipolar
intermolecular forces, and hydrogen bonding parameter 0H
represents the effects by hydrogen bonding forces.

The definitions and calculations of HSP are disclosed in the
following literature.

Edited by Charles M. Hansen, Hansen Solubility Param-
eters: A Users Handbook (CRC press, 2007)

HSP [8D, 8P and 8H] of a solvent can simply be estimated
form its chemical structure by using e.g. a computer software
Hansen Solubility Parameters in Practice (HSPiP). In the
present invention, with respect to solvents registered in the
data base of HSPiP version 3. 0. 38, the registered values will
be used, and with respect to solvents not registered in the data
base, values to be estimated by HSPiP version 3. 0. 38 will be
used.

Now, the above formula (1) and the method for drawing the
condition that the extraction/removal index (r) is at most 6.5,
will be described. The extraction/removal index (r) as drawn
in the present invention, is drawn by a method comprising the
following steps (x) and (y), based on the formula: (Ra)*=4x
(8D,—-8D,)*+(8P,-08P, )*+(8H,—8H, ).

(x) A mixture containing R-1234yf as the main component
and optional impurities, is brought in contact under specific
conditions with each of a plurality of solvents, of which HSP
[8D, 8D and 8H] are known, whereby a removal rate X
(unit: %) of impurity a to be removed among the optional
impurities in the mixture, is calculated.

(v) By finding such a sphere that all coordinates of HSP of
solvents, of which the removal rates X are at least a certain
specific value, are included inside of the sphere and all coor-
dinates of HSP of solvents, of which the removal rates X are
less than the specific value, are outside of the sphere, from the
center coordinates [0D,, dP, and 8H,] of the sphere, the
formula:  r=[4x(8D-8D,)*+(dP-8P,)*+(8H-8H,)*]"* is
drawn, and the radius of the sphere is taken as the maximum
value of the extraction/removal index (r).

In step (x), the removal rate (X) (unit: %) of impurity a to
be removed, is calculated by the following formula:

X=[Y-Z]/¥x100 )

whereinY is the concentration of impurity a to be removed in
the mixture before the contact with the solvent (A), and Z is
the concentration of the impurity a in the mixture after the
contact with the solvent (A).

The concentration of impurity a can be measured by e.g.
gas chromatography.

The method for finding the sphere in step (y) may, for
example, be a method of using the Sphere function of HSPiP.
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Specifically, in the present invention, the formula (1) and
the extraction/removal index (r) were obtained by taking, as
the impurity a to be removed, R-1243zf which is close in its
boiling point to R-1234yf and is difficult to remove by distil-
lation purification, among the hydrohaloalkene impurities
and hydrohaloalkane impurities contained in the mixture.
And, in step (y), by finding such a sphere that all coordinates
of HSP of solvents, of which removal rates (X) are at least 5%,
are included inside of the sphere, the coordinates [17.2, 8.3,
2.6] of the sphere and the maximum value 6.5 of the extrac-
tion/removal index (r) were obtained.

As the solvent (A), solvents listed in Tables 1 and 2 may, for
example, be mentioned.

TABLE 1
Extraction/removal
Solvent index (r)
1,1-dichloroethane 1.5
1,1,1-trichloroethane 4.1
1,2-dichloropropane 13
3-chloro-1-propene 2.2
2-chloro-2-methylpropane 33
2-chloro-2-methyl-1-propene 34
1-chlorobutane 35
2-bromobutane 2.6
4-bromo-1-butene 33
Chlorocyclohexane 2.9
Methyltrichlorosilane 2.4
1,1-dichloroacetone 29
Diethyl ketone 3.6
3-methylcyclohexanone 2.4
3-heptanone 4.1
Isophorone 2.5
Carvone 3.3
2,3-butanedione 6.1
Trichloroacetonitrile 4.0
Decyl aldehyde 3.6
Hexyl formate 5.6
Isobornyl acetate 5.0
Menthyl acetate 33
Ethyl phenylacetate 53
Butyl propionate 53
Diisodecyl phthalate 2.1
y-dodecalactone 2.4

TABLE 2
Extraction/removal
Solvent index (r)
Dibutyl sebacate 4.2
Butyl mercaptan 4.0
Tetrahydrofuran 5.7
2-methyltetrahydrofuran 3.8
Dihydropyran 4.2
Tetrahydropyran 4.3
Methoxycyclopentane 5.5
2-chloroethyl ethyl ether 2.7
Anisole 5.9
4-methoxytoluene 5.2
Ethylal 5.5
1,3-dimethoxybutane 5.0
Ethylene glycol butyl methy! ether 5.1
Ethylene glycol dibutyl ether 5.1
2-methoxytetrahydropyran 3.8
2-methyl-1,3-dioxolane 4.7
Paraldehyde 53
Diethylene glycol diethyl ether 5.4
Diethylene glycol dibutyl ether 4.9
1,8-cineole 3.9
Menthofuran 4.8
N-ethyl morpholine 53
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TABLE 2-continued

Extraction/removal

Solvent index (r)
Dibutyl sulfide 5.6
Ethylhexylamine 6.2
Piperazine 4.9
Buty! quinoline 4.9
Xylene 4.6

Asthe solvent (A), one of such solvents may be used alone,
or two or more of them may be used in combination.

As the solvent (A), a solvent having an extraction/removal
index (r) of at most 6.5 is preferred, and a solvent having an
extraction/removal index (r) of at most 5.0 is more preferred,
since the efficiency for removal of R-1243zf thereby tends to
be particularly high.

The boiling point of the solvent (A) is preferably at least
40° C., more preferably at least 90° C., from the viewpoint of
the efficiency for removal of impurities.

The solvent (A) is preferably anisole, 4-bromo-1-butene,
2-bromobutane, butyl propionate, butyl mercaptan, 3-chloro-
1-propene, 2-chloro-2-methylpropane, 1-chlorobutane, decyl
aldehyde, dibutyl sebacate, dibutyl sulfide, 1,1-dichloroet-
hane, 1,2-dichloropropane, diethyl ketone, diethylene glycol
dibutyl ether, diethylene glycol dimethyl ether, diisodecyl
phthalate, ethylhexylamine, 3-heptanone, hexyl formate, iso-
phorone, methyltrichlorosilane, 2-methyltetrahydrofuran,
paraldehyde, piperazine, tetrahydrofuran, 1,1,1-trichloroet-
hane, 2,3-butanedione, 2-chloroethyl ethyl ether, 1,8-cineole,
chlorocyclohexane, 1,1-dichloroacetone, dihydropyran, 1,3-
dimethoxybutane, N-ethyl morpholine, ethylene glycol
butylmethy! ether, ethylene glycol dibutyl ether, menthofu-
ran, menthyl acetate, 2-methoxytetrahydropyran, 3-methyl-
cyclohexanone, 2-methyl-1,3-dioxolane, tetrahydropyran,
trichloroacetonitrile, ethyl phenyl acetate, 4-methoxytolu-
ene, ethylal, carvone, y-dodecalactone, isobornyl acetate,
butyl quinoline, methoxycyclopentane or xylene, more pref-
erably, anisole, 2-bromobutane, butyl propionate, 2-chloro-
2-methylpropane, 1,1-dichloroethane, 1,2-dichloropropane,
diethyl ketone, diethylene glycol dimethyl ether, ethylhexy-
lamine, hexyl formate, isophorone, paraldehyde, tetrahydro-
furan, 2,3-butanedione, 1,1-dichloroacetone, menthofuran,
2-methoxytetrahydropyran, 3-methylcyclohexanone, 2-me-
thyl-1,3-dioxolane, tetrahydropyran, trichloroacetonitrile,
ethyl phenyl acetate, 4-methoxytoluene, ethylal, carvone,
y-dodecalactone, isobornyl acetate or xylene, particularly
preferably, 2-bromobutane, 2-chloro-2-methylpropane, 1,1-
dichloroethane, 1,2-dichloropropane, diethyl ketone, 1,1-
dichloroacetone, 3-methylcyclohexanone, trichloroacetoni-
trile, y-dodecalactone or xylene.

In the method for purifying R-1234yf of the present inven-
tion, it is preferred to remove at least 5%, more preferred to
remove at least 10%, of the hydrohaloalkene impurities and
hydrohaloalkane impurities.

Further, in the method for purifying R-1234yf of the
present invention, it is preferred to remove at least 5%, more
preferred to remove at least 10%, of at least one member
selected from the group consisting of 3,3,3-trifluoropropene,
3,3-diftluoropropene and 1,2,3,3,3-pentatluoropropene as the
hydrohaloalkene impurities, from a mixture containing
hydrohaloalkene impurities other than 2,3,3,3-tetratluoro-
propene and hydrohaloalkane impurities.

Still further, in the method for puritying R-1234yf of the
present invention, it is preferred to remove at least 5%, more
preferred to remove at least 10%, of 3,3,3-trifluoropropene as
hydrohaloalkene impurities, from the mixture.
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6

Still further, in the method for purifying R-1234yf of the
present invention, it is preferred to remove at least 5%, more
preferred to remove at least 10%, of at least one member
selected from the group consisting of 1,1,1,2-tetrafluoropro-
pane, 1,1,1-trifluoropropane and 1-chloro-1,2,2,2-tetrafluo-
roethane as the hydrohaloalkane impurities, from the mix-
ture.

As the method for bringing the mixture into contact with
the solvent (A), the following method (o) or () may, for
example, be mentioned depending on the difference in the
state of the mixture to be brought into contact with the solvent
A).

() A method of bringing a gaseous mixture (hereinafter
referred to as “mixed gas™) into contact with the solvent (A).

(P) A method of bringing a liquid mixture (hereinafter
referred to as “mixed liquid”) into contact with the solvent
A).

(Method ()

The method () may, for example, be a method of blowing
the mixed gas into the solvent (A) and recovering a purified
gas passed through the solvent (A).

Inthe method (o), the purification may be a batch system or
a continuous system.

In the method (o), the temperature of the solvent (A) may
be at any level so long as it is at least the melting point and at
most the boiling point of the solvent (A), and it is preferably
from -30to 70° C., more preferably from -30 to 40° C. When
the temperature of the solvent (A) is at least the lower limit
value, the energy required for cooling may be low, and the
installation, etc. may be simple. When the temperature of the
solvent (A) is at most the upper limit value, the impurities in
the mixed gas tend to be readily dissolved and extracted in the
solvent (A), whereby the efficiency for removal of the impu-
rities will be improved.

In the method (), the pressure (the absolute pressure)
during the purification may be at most the liquefaction pres-
sure of R-1234yf, preferably from 10 to 600 kPa, more pref-
erably from 100 to 300 kPa. When the pressure is at least the
lower limit value, the efficiency for removal of the impurities
will be improved, and when the pressure is at most the upper
limit value, the handling efficiency will be good, and the
installation, etc. may be simple.

In the method (), the blowing flow rate of the mixed gas
per 200 mL (milliliters) of the solvent (A) is preferably from
2 to 50 ml/min., more preferably from 10 to 20 ml./min.
When the blowing flow rate of the mixed gas is at least the
lower limit value, the amount of R-1234yf obtainable by the
purification increases. When the blowing flow rate of the
mixed gas is at most the upper limit value, the efficiency for
removal of the impurities will be improved. The contact time
is preferably at least 0.5 second, more preferably at least 1
second. When the contact time is long, the efficiency for
removal of the impurities will be improved.

In the method (), the total amount of the impurities con-
tained in the mixed gas is preferably at most 10 mass %, more
preferably at most 2 mass %, to the total mass of the solvent
(A) from the viewpoint of the efficiency for removal of the
impurities. That is, in the method (o), it is preferred to carry
out the purification by adjusting the total blowing flow rate of
the mixed gas into the solvent (A) so that the proportion of the
impurities to the solvent (A) would be at most the above upper
limit value.

The reactor to be used for the method () is not particularly
limited so long as it is capable of accommodating the solvent
(A) to bring the mixed gas into contact therewith and recov-
ering a purified gas after the contact, and a known reactor may
be employed.
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The material for the reactor may, for example, be glass,
iron, nickel or an alloy containing such metal as the main
component, or a fluorinated resin such as a tetrafluoroethyl-
ene/perfluoro(alkyl vinyl ether) copolymer (PFA).

(Methed (8))

The method (f) may, for example, be a method of adding
the mixed liquid to a container containing the solvent (A) and
recovering a purified gas obtained in a gas phase portion of the
container through the solvent (A).

In the method (), the purification may be a batch system or
a continuous system.

In the method (p), the temperature of the solvent (A) is at
least the melting point and at most the boiling point of the
solvent (A). The temperature of the solvent (A) is preferably
from =30 to 70° C., more preferably from -30 to 40° C. When
the temperature of the solvent (A) is at least the lower limit
value, the energy required for cooling may be low, and the
installation, etc. may also be simple. When the temperature of
the solvent (A) is at most the upper limit value, the efficiency
for removal of the impurities will be improved.

In the method (p), the pressure (gauge pressure) in the
container is preferably from -91 to 2,000 kPaG, more pref-
erably from 0 to 200 kPaG. When the pressure is at least the
lower limit value, the efficiency for removal of the impurities
will be improved. When the pressure is at most the upper limit
value, the handling efficiency will be good, and the installa-
tion, etc. may be simple.

In the method (), the total amount of the impurities con-
tained in the mixed liquid is preferably at most 10 mass %,
more preferably at most 2 mass %, to the total amount of the
solvent (A) from the viewpoint of the efficiency for removal
of the impurities. That is, in the method (p), it is preferred to
carry out the purification by adjusting the total amount of the
mixed liquid to be in contact with the solvent (A) so that the
proportion of the impurities to the solvent (A) would be at
most the above upper limit value. The residence time is pref-
erably at least 30 minutes, more preferably at least one hour.
When the residence time is long, the efficiency for removal of
the impurities will be improved.

The reactor to be used for the method (f) may be any
reactor so long as it is capable of bringing the mixed liquid
into contact the solvent (A) and then recovering a purified gas
obtainable in a gas phase, and a known reactor may be
employed.

The material for the reactor may, for example, be glass,
iron, nickel or an alloy containing such metal as the main
component, or a fluorinated resin such as a tetrafluoroethyl-
ene/perfluoro(alkyl vinyl ether) copolymer (PFA).

In the step of bringing the mixture into contact with the
solvent (A) to remove impurities, it is preferred to employ the
method (c) rather than the method (), since the efficiency for
removal of impurities is thereby higher. Further, from such a
viewpoint that the installation becomes simple, it is advanta-
geous to employ the method (o) when the mixture to be
purified is obtained in a gaseous state, or to employ the
method () when the mixture is obtained in a liquid state.

The purification method of the present invention may have
another step of removing impurities which cannot be
removed in the step of bringing the mixture into contact with
the solvent (A), as the case requires. Such another step may,
for example, be a step of removing impurities by a known
distillation purification. Such another step may be carried out
before or after the above-described step of bringing the mix-
ture into contact with the solvent (A) to remove impurities.
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The mixture to be purified by the purification method of the
present invention contains R-1234yf as the main component.
“The mixture contains R-1234yf as the main component”
means that the content of R-1234yf in the mixture is at least
50 vol %. The content of R-1234yt in the mixture is prefer-
ably at least 70 vol %, more preferably at least 75 vol %,
whereby highly pure R-1234yf is readily obtainable. Further,
the upper limit for the content of R-1234yf in the mixture is
not particularly limited, but is practically about 90 vol %.

Further, the mixture contains hydrohaloalkene impurities
and hydrohaloalkane impurities. A hydrohaloalkene is an
alkene other than R-1234yf, which has both hydrogen atoms
and halogen atoms. Likewise, a hydrohaloalkane is an alkane
which has both hydrogen atoms and halogen atoms. The
halogen atoms may, for example, be chlorine atoms, fluorine
atoms, etc.

The hydrohaloalkene impurities in the mixture may be of
one type or of two or more types.

The purification method of the present invention is effec-
tive for removing hydrohalopropenes close to R-1234yf in
their boiling points, as the hydrohaloalkene impurities. Spe-
cifically, it is effective for removing at least one member
selected from the group consisting of R-1243zf, 1,2,3,3,3-
pentafluoropropene (CF;CF—CHF, R-1225ye, boiling
point: =19° C.) and 3,3-difluoropropene (CHF,CH—CH,,
R-12527f, boiling point: —27° C.). Among them, the purifi-
cation method of the present invention is particularly effec-
tive for removing R-1243zf as the hydrohaloalkene impuri-
ties, since it is capable of highly efficiently removing even
R-1243zf which is very close to R-1234yfin the boiling point
and is therefore difficult to separate by distillation purifica-
tion.

The hydrohaloalkane impurities in the mixture may be of
one type or of two or more types.

The purification method of the present invention is effec-
tive for removing at least one of a hydrohalopropane and a
hydrohaloethane, as the hydrohaloalkane impurities. The
hydrohalopropane may, for example, be 1,1,1,2-tetratluoro-
propane (CF;CHFCH,;, R-254eb, boiling point: -6° C.) or
1,1,1-trifluoropropane (CF;CH,CH;, R-2631b, boiling point:
-13° C.). The hydrohaloethane may, for example, be
1-chloro-1,2,2,2-tetrafluoroethane (CF;CHCIF, R-124, boil-
ing point: —=12° C.). The purification method of the present
invention is effective for removing at least one member
selected from the group consisting of R-254eb, R-263tb and
R-124, as the hydrohaloalkane impurities.

The mixture which contains R-1234yf as the main compo-
nent and contains the hydrohaloalkene impurities and the
hydrohaloalkane impurities, may, for example, be a product
obtainable by reacting and reducing R-1214ya with hydrogen
in the presence of a catalyst. If impurities such as R-1243z7f,
etc. which are close to R-1234yf in their boiling points, are
contained in the desired R-1234yf such as the product
obtained by hydrogen reduction of R-1214ya, it is difficult to
remove such impurities by distillation purification. Further, in
a case where impurities are to be extracted and removed with
a solvent, it is common to select a solvent having a high
solubility for the impurities. However, if the desired product
and the impurities are equivalent in the solubility in the sol-
vent, it is difficult to thereby separate them. For example, HSP
of R-1243zf are [14.4, 4.4, 2.7] which are close to HSP[14.2,
3.9, 1.6] of R-1234yf, and accordingly, a solvent exhibiting a
high solubility of R-1243zf also exhibits a high solubility of
R-1234yf.

Whereas, according to the purification method of the
present invention, by using an extraction/removal index (r)
represented by the formula (1), it is readily possible to find out
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a specific solvent (A) which presents a sufficient difference
for removal of impurities between the solubility of impurities
such as R-1243z7f, etc. and the solubility of R-1234yf, and by
using such a solvent (A), it is possible to efficiently remove
even impurities such as R-1243zf, etc. which are difficult to
separate by distillation purification.

EXAMPLES

1
Now, the present invention will be described in detail with
reference to Examples, but it should be understood that the
present invention is by no means restricted by such descrip-
tion. Examples 1 to 6 and 10 to 15 are working examples of
the present invention and Examples 7 to 9 and 16 to 18 are

comparative examples.

[Gas Composition and Removal Rate X]

The compositions of purified gases and mixed gases used

0

10
Method (o)

Example 1

Into a three-necked flask equipped with an Allihn con-
denser and a magnetic stirrer, 155.5 g of 2-chloro-2-methyl-
propane (extraction/removal index (r)=3.3, temperature: 20°
C.) was charged as a solvent (A). With stirring, 9.9 g of a
mixed gas containing R-1234yf as the main component and
having a composition as shown in Table 3, was bubbled at a
flow rate of 12.9 ml./min, and a purified gas passed through
the condenser was recovered. The composition of the
obtained purified gas and the removal rate X of each impurity
are shown in Table 3.

in Examples were measured by gas chromatography. Further, 20
the removal rate X (%) of each impurity was calculated by the Examples 2 to 9
following formula:
A purified gas was recovered in the same manner as in
X=[Y-2Z]/¥x100 Example 1 except that the type and amount of the solvent
25 used, and the composition, gas flow rate and gas flow amount
whereinY is the concentration of the impurity in a mixed gas of the mixed gas, were changed as shown in Table 3. The
before the purification, and Z is the concentration of the composition of the obtained purified gas and the removal rate
impurity in a purified gas. X of each impurity are shown in Table 3.
TABLE 3
Ex. 1 Ex.2 Ex.3 Ex. 4 Ex.5 Ex. 6 Ex.7 Ex. 8 Ex. 9
Solvent  Type Al A2 A3 A4 A5 A6 B-1 B2 B-3
Boiling point [°C.]  111.2 140 511 172 453 965 61 76 98
Extraction/removal 33 4.6 6.1 3.9 2.2 1.3 9.8 9.6 9.5
index (1)
Amount used [g] 1555 1422 500 1805 1864 2282 2902 2807  317.1
Gas flow rate [mL/min] 129 146 144 15.5 17.1 154 149 161 164
Gas flow amount [g] 99 111 121 8.3 92 117 114 135 12.5
Mixed R-1234yf [vol %] 9646 8832 81.27  86.69 8572  79.94 8597 9733 9185
gas R-1243z7f [vol %] 051 032 094 074 099 535 032 050 031
R-254eb [vol %] 197 891 1406 1021 1081 11.89  10.73 146 625
R-1225ye [vol %] 215 660 922 98.7 837  103.1 62.3 0.0 535
R-12522f [vol %] 200 437 637 59.9 589 599 457 270 420
R-263fb [vol %] 007 017 026 025 024 025 019 006  0.14
R-124 [vol %] 020 0356 087 077 077 080 063 017 045
Purified  R-1234yf [vol %] 98.66 9775 9444 9645 9612 9307 9546 9852 9521
gas R-1243z7f [vol %] 030 021 078 049 068 348 033 050 035
R-254eb [vol %] 022 176  3.87 274 249 289 337 072 292
R-1225ye [vol %] 102 203 721 575 809 733 320 0.0 719
R-12522f [vol %] 185 279 376 234 517 357 383 0.0 497
R-263fb [vol %] 001 006 0.4 010 009 009 011 004 013
R-124 [vol %] 003 011 040 0.09 023 024 030 010 027
Removal ~ R-1243zf 41 34 17 33 32 35 -4 0 -14
rate R-254eb 89 80 72 73 77 76 69 51 53
[%] R-1225ye 53 69 22 42 3 29 49 — 35
R-1252zf 36 36 41 61 12 40 16 100 -18
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TABLE 3-continued
Ex. 1 Ex.2 Ex. 3 Ex. 4 Ex.5 Ex. 6 Ex.7 Ex. 8 Ex.9
R-263fb 80 66 46 59 63 63 40 30 10
R-124 86 80 54 88 71 70 52 40 40

Abbreviations in Table 3 have the following meanings.

A-1: 2-chloro-2-methylpropane (HSP [15.6, 7.6, 2.0], extraction/removal index (1) = 3.3)
A-2: xylene (HSP [18.4, 4.4, 3.1], extraction/removal index (1) = 4.6)

A-3: (CF;3),CHOCH; (HSP [14.6, 5.1, 3.0], extraction/removal index (r) = 6.1)

A-4: cineol (HSP [16.7, 6.2, 2.8], extraction/removal index (1) = 3.9)

A-5: 3-chloro-1-propene (HSP [17.0, 6.2, 2.3], extraction/removal index (r) = 2.2)

A-6: 1,2-dichloropropane (HSP [17.3, 7.1, 2.9], extraction/removal index (1) = 1.3)
B-1: HFE-7100 (manufactured by 3M, HSP [13.5, 1.9, 1.5], extraction/removal index (r) = 9.8)
B-2: HFE-7200 (manufactured by 3M, HSP [13.7, 1.8, 1.5], extraction/removal index (r) = 9.6)
B-3: HFE-7300 (manufactured by 3M, HSP [14.2, 1.1, 0.8], extraction/removal index (r) = 9.5)
R-1234yf: 2,3,3,3-tetrafluoropropene
R-1243zf: 3,3,3-trifluoropropene
R-1225ye: 1,2,3,3,3-pentafluoropropene
R-1252zf: 3,3-difluoropropene
R-254¢b: 1,1,1,2-tetrafluoropropane
R-263fb: 1,1,1-trifluoropropane
R-124: 1-chloro-1,2,2,2-tetrafluoroethane
Method () gas phase. The composition of the obtained purified gas and
the removal rate X of each impurity are shown in Table 4.
Example 10 »s Examples 11 to 18
A purified gas was recovered in the same manner as in
Into a 50 mL autoclave made of SUS, 21.0 g of 2-chloro- Example 10 except that the type and amount of the solvent
2-methylpropane (extraction/removal index (r)=3.3) was used, and the composition and amount of the mixed liquid
charged as a solvent (A), and into the autoclave, 6.0 g of a used, were changed as shown in Table 4. The composition of
mixed liquid obtained by liquefying a mixed gas and having 30 the obtained purified gas and the removal rate of each impu-
acomposition as shown in Table 4 containing R-1234yfas the rity are shown in Table 4.
main component, was added. After mixing at 20° C. for 2 Further, the removal rate X of R-1243zf to the extraction/
hours, the pressure in the autoclave became 0.15 MPa(G). removal index (r) of a solvent in each of Examples 1 to 18 is
After the purification, a purified gas was recovered from the shown in FIG. 1.
TABLE 4
Ex.10 Ex. 11 Ex.12 Ex.13 Ex. 14 Ex.15 FEx 16 FEx. 17 Ex 18
Solvent Type A-1 A-2 A-3 A-4 A-5 A-6 B-1 B-2 B-3
Boiling point [° C.] 111.2 140 51.1 172 453 96.5 61 76 98
Extraction/removal 33 4.6 6.1 3.9 2.2 1.3 9.8 9.6 9.5
index (1)
Amount used [g] 21.0 21.6 34.4 23.1 23.1 28.7 38.1 35.8 41.6
Amount of mixed liquid used [g] 6.0 5.6 6.0 6.5 57 5.6 6.0 6.0 5.9
Pressure [MPa(G)] 0.09 0.13 0.04 0.18 0.12 0.15 0.08 0.06 0.08
Mixed R-1234yf [vol %] 87.61 87.47  83.65 84.76  84.61 81.16 85.57 85.57 86.83
liquid R-1243zf [vol %] 0.79 0.83 0.82 0.69 0.97 5.22 0.80 0.81 0.79
R-254eb [vol %] 9.36 1097  12.50 11.79  11.66 11.08 10.86 10.99 10.06
R-1225ye [vol %] 83.7 79.9 91.1 94.0 86.3 99.8 69.8 75.4 80.4
R-1252zf [vol %] 51.5 52.9 58.0 59.7 60.2 57.8 55.0 53.8 50.4
R-263fb [vol %] 0.21 0.22 0.24 0.25 0.25 0.24 0.20 0.22 0.21
R-124 [vol %] 0.69 0.71 0.77 0.80 0.80 0.77 0.63 0.71 0.65
Purified R-1234yf [vol %] 94.34 94.18  92.58 93.30  93.78 90.85 93.50 92.45 92.56
gas R-1243zf [vol %] 0.61 0.59 0.77 0.56 0.71 3.83 0.80 0.81 0.82
R-254eb [vol %] 3.84 4.40 5.27 5.46 4.25 4.45 4.64 5.56 543
R-1225ye [vol %] 69.1 0.0 75.0 71.6 874 91.7 67.0 71.4 68.8
R-1252zf [vol %] 36.5 34.7 42.0 333 43.7 45.3 33.8 40.1 38.2
R-263fb [vol %] 0.15 0.11 0.16 0.15 0.12 0.12 0.11 0.16 0.16
R-124 [vol %] 0.41 0.24 0.47 0.18 0.33 0.34 0.27 0.45 0.44
Removal ~ R-1243zf 24 29 7 18 27 27 0 1 -5
rate R-254eb 59 60 58 54 64 60 57 49 46
[%] R-1225ye 17 100 18 24 -1 8 4 5 14
R-1252zf 29 34 28 44 28 22 39 26 24
R-263fb 31 50 32 38 50 49 46 28 21
R-124 41 67 38 78 58 56 57 37 33
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Here, the abbreviations in Table 4 have the same meanings
as in Table 3.

As shown in Table 3 and FIG. 1, in Examples 1 to 6 wherein
according to the method (o), a mixed gas was brought into
contact with a solvent (A) having an extraction/removal index
(r) of at most 6.5, even R-1243zf close to R-1234yf particu-
larly in the boiling point, was removed at a high efficiency, as
compared with Examples 7 to 9 wherein a solvent having an
extraction/removal index (r) exceeding 6.5, was used. Like-
wise, as shown in Table 4 and FIG. 1, in Examples 10 to 15
wherein according to the method (f) a mixed liquid was
brought into contact with a solvent (A) having an extraction/
removal index (r) of at most 6.5, even R-1243zf close to
R-1234yf particularly in the boiling point, was removed at a
high efficiency, as compared with Examples 16 to 18 wherein
a solvent having an extraction/removal index (r) exceeding
6.5, was used.

INDUSTRIAL APPLICABILITY

According to the purification method of the present inven-
tion, it is possible to remove even impurities such as
R-12437f, etc. which are close to R-1234yf in their boiling
points, and thus, the method is useful for e.g. purification of a
product obtained by hydrogen reduction of R-1214ya.

This application is a continuation of PCT Application No.
PCT/IP2012/052545, filed on Feb. 3, 2012, which is based
upon and claims the benefit of priority from Japanese Patent
Application No. 2011-022871 filed on Feb. 4, 2011. The
contents of those applications are incorporated herein by
reference in its entirety.

What is claimed is:

1. A method for purifying 2.3.3,3-tetrafluoropropene, the
method comprising

bringing a mixture, which comprises 2,3,3,3-tetratluoro-

propene as the main component and also comprises
hydrohaloalkene impurities and hydrohaloalkane impu-
rities, into contact with a solvent that has an extraction/
removal index (r), as represented by formula (1), of at
most 6.5, so as to remove at least a part of the hydroha-
loalkene impurities and at least a part of the hydroha-
loalkane impurities:

r=[4x(8D-17.2)%+(8P-8.3)?+(dH-2.6)%]V? 1)

wherein 8D, 8P and 8H are Hansen solubility parameters of
the solvent, which are, respectively, dispersion param-
eter, polar parameter and hydrogen bonding parameter
of the solvent, the unit of each of which is (MPa)"/2.
2. The method according to claim 1, wherein the hydroha-
loalkene impurities comprise a hydrohalopropene.
3. The method according to claim 1, wherein the hydroha-
loalkane impurities comprise at least one of a hydrohalopro-
pane and a hydrohaloethane.
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4. The method according to claim 1, wherein at least a part
of at least one member selected from the group consisting of
3,3,3-trifluoropropene, 3,3-difluoropropene and 1,2,3,3,3-
pentafluoropropene, as the hydrohaloalkene impurities, is
removed from the mixture.

5. The method according to claim 1, wherein at least a part
of'3,3,3-trifluoropropene, as the hydrohaloalkene impurities,
is removed from the mixture.

6. The method according to claim 1, wherein at least a part
of at least one member selected from the group consisting of
1,1,1,2-tetrafluoropropane,  1,1,1-triifluoropropane  and
1-chloro-2,2,2-tetrafluoroethane, as the hydrohaloalkane
impurities, is removed from the mixture.

7. The method according to claim 1, wherein the mixture to
be brought into contact with the solvent, is gaseous.

8. The method according to claim 1, wherein the solvent is
at least one selected from the group consisting of anisole,
4-bromo-1-butene, 2-bromobutane, butyl propionate, butyl
mercaptan, 3-chloro-1-propene, 2-chloro-2-methylpropane,
1-chlorobutane, decyl aldehyde, dibutyl sebacate, dibutyl sul-
fide, 1,1-dichloroethane, 1,2-dichloropropane, diethyl
ketone, diethylene glycol dibutyl ether, diethylene glycol
dimethyl ether, diisodecyl phthalate, 3-heptanone, hexyl for-
mate, isophorone, methyltrichlorosilane, 2-methyltetrahy-
drofuran, paraldehyde, tetrahydrofuran, 1,1,1-trichloroet-
hane, 2,3-butanedione, 2-chloroethyl ethyl ether, 1,8-cineole,
chlorocyclohexane, 1,1-dichloroacetone, dihydropyran, 1,3-
dimethoxybutane, ethylene glycol butylmethyl ether, ethyl-
ene glycol dibutyl ether, menthofuran, menthyl acetate,
2-methoxytetrahydropyran, 3-methylcyclohexanone, 2-me-
thyl-1,3-dioxolane, tetrahydropyran, trichloroacetonitrile,
ethyl phenyl acetate, 4-methoxytoluene, ethylal, carvone,
y-dodecalactone, isobornyl acetate, methoxycyclopentane,
and xylene.

9. The method according to claim 1, wherein the solvent is
at least one selected from the group consisting of anisole,
2-bromobutane, butyl propionate, 2-chloro-2-methylpro-
pane, 1,1-dichloroethane, 1,2-dichloropropane, diethyl
ketone, diethylene glycol dimethyl ether, hexyl formate, iso-
phorone, paraldehyde, tetrahydrofuran, 2,3-butanedione,
1,1-dichloroacetone, menthofuran, 2-methoxytetrahydropy-
ran, 3-methylcyclohexanone, 2-methyl-1,3-dioxolane, tet-
rahydropyran, trichloroacetonitrile, ethyl phenyl acetate,
4-methoxytoluene, ethylal, carvone, vy-dodecalactone,
isobornyl acetate, and xylene.

10. The method according to claim 1, wherein the solvent
is at least one selected from the group consisting of 2-bro-
mobutane, 2-chloro-2-methylpropane, 1,1-dichloroethane,
1,2-dichloropropane, diethyl ketone, 1,1-dichloroacetone,
3-methylcyclohexanone, trichloroacetonitrile, y-dodecalac-
tone, and xylene.



